Molecular biology has had a major impact on research in microbiology but its application to routine clinical problems has been slow to filter through to diagnostic bacteriology laboratories. This is not necessarily because bacteriologists are unwilling to embrace these new techniques. The fact is that many bacterial pathogens are easy to culture within one to two days, with the added advantage that this confirms viability and can be followed by antibiotic sensitivity testing. The situation is rather different in a virology laboratory, where culture takes longer or is impossible, and sensitivity testing is not such an issue. It is not surprising, therefore, that molecular biology, particularly the polymerase chain reaction (PCR), has found more routine applications in the virology laboratory.
In some cases it is difficult to produce a stable lysogen in E coli Y1089. An alternative approach is to sequence the cloned antigen, map the epitopes along the derived amino acid sequence, and then synthesise specific peptide epitopes for use in a serological test. This was applied to the development of a serological test for systemic candidosis.6" Having cloned and sequenced the immunodominant 47 kilodalton antigen of Candida albicans, epitopes were mapped by Geysen's Pepscan technique. A complete set of overlapping peptides, 9 amino acids long, were synthesised on polyethylene rods and probed with infected patients' sera, in ELISA format. Dominant epitopes were synthesised, conjugated to keyhole limpet haemocyanin, and used to raise rabbit polyvalent antisera and murine monoclonal antibodies. These antibody probes were then used to detect circulating candidal 47 kilodalton antigen (heat shock protein 90) in the sera of systemically infected patients.
Nucleic acid hybridisation assays DNA probes have so far had a limited part to play in diagnostic bacteriology. They have been particularly useful in distinguishing virulent from avirulent strains of bacteria, such as enterotoxin producing strains of E coli 8 or toxigenic strains of Staphylococcus aureus.9 These techniques have been limited to the reference or research laboratory. The main reason for this is the reliance on radioisotopes for labelling the DNA probe, which have a short functional half-life, are expensive, and pose the problems of radiation exposure and isotope disposal. An increasing number of nonisotopic enzymatic and chemical labelling methods have now been described, but the sensitivity of these is often lower than that of 32p. clearly distinguishable results. The digoxigenin labelled probe performed well with bacterial isolates but gave some false positive results when applied directly to faecal samples. It had the financial advantage of being reusable several times. The biotin system was the least reliable, giving some very strong false positive results with non-E coli enterobacteria.
Other disadvantages of hybridisation assays include the lengthy procedures involved in sample preparation, the need to perform assays at relatively high temperatures, and, often, the low sensitivity, compared with other diagnostic methods, for detecting microbial pathogens in clinical specimens. The procedures involved have recently been comprehensively reviewed. '2 A nucleic acid hybrisation assay is frequently used to confirm the specificity of a PCR, often with a third DNA probe which is internal to the two primers selected for the PCR. This combines the ease and sensitivity of PCR with the specificity of DNA hybridisation. An intrinsic advantage of DNA hybridisation is that most microbes have both highly conserved DNA sequences, present in all the different strains of a species, and strain specific sequences. Therefore, by judicious selection of DNA probes it is possible to tailor the assay for the detection of one particular strain or all the strains in a species. ' '4 Typing is based on the presence, absence, and relative positions of several intense bands which are generated by the cutting of repetitive DNA fragments at specific sequences-for example, ribosomal DNA. The technique has been successfully applied to clinical situations, in the identification of outbreaks of systemic candidosis due to cross-infection by a single strain,'5 and in the comparison of isolates from patients with AIDS taken from different sites and at different times.l" All isolates were typable by DNA fringerprinting and the level of reproducibility was high, but a single DNA fingerprint type accounted for about 60% of isolates. '5 Mitochondrial DNA is believed to evolve more rapidly than nuclear DNA in a variety of taxa. Olivo et al examined the mitochondrial DNA of C albicans, following digestion with Hay III, by probing Southern blots with cloned mitochondrial DNA fragments.'7 They demonstrated four distinct polymorphisms among the 26 isolates examined. A disadvantage of this technique is that it limits the procedure to laboratories with the necessary DNA probes and radioisotope facilities.
Pulsed-field gel electrophoresis (PFGE) has also been applied to the examination of different stains of C albicans, but is probably unsuitable as a typing system. PFGE differs from conventional agarose gel electrophoresis in that it separates much larger chromosomal DNA fragments by virtue of switching the current between two sets of electrodes set at an obtuse angle. Such systems are now commercially available and have been refined so as to give straight tracks with high resolution of bands once the pulse time, voltage, and run time has been optimised (for example, the CHEF-DR II, Bio-rad). C albicans, a diploid eukaryote, separates to give multiple chromosomal bands on PFGE, but is unusual in that the migration distances of some of these chromosomes vary considerably from one isolate to the other.'8 However, it is probably less suitable as a typing system than conventional DNA fingerprinting because changes can occur within a single stain on repeated subculture.
More recently, the PCR has been applied to the typing of C albicans, using short empiric oligonucleotides as a single primer to generate multiple bands (unpublished observations readily adopted by laboratories with the minimum of specialised equipment.
